Introduction
============

Ovarian cancer (OC) is a fatal disease in women. According to studies on the global patterns of cancer there are \~152,000 mortalities and 239,000 new OC cases annually ([@b1-mmr-16-05-6743]). The 5-year survival rate of OC following diagnosis is only 20--30% ([@b2-mmr-16-05-6743]). A previous study indicated that the high mortality rate and poor prognosis may be associated with OC cell invasion and metastasis ([@b3-mmr-16-05-6743]).

Epithelial-mesenchymal transition (EMT) is a process by which an epithelial cell loses its cell-cell adhesion, gains the capacity for invasion and migration, and turns into a mesenchymal stem cell ([@b4-mmr-16-05-6743]). EMT is recognized as one of the crucial steps in OC pathogenesis ([@b5-mmr-16-05-6743]), and serves an important role in OC metastasis and invasion ([@b6-mmr-16-05-6743]). Therefore, an improved understanding of the EMT process and cellular influences in OC would supply novel insights for the diagnosis and treatment of OC.

MicroRNAs (miRs) are epigenetic factors that can regulate a number of human biological processes, including cell proliferation, tissue differentiation, cancer formation and metastasis ([@b7-mmr-16-05-6743]--[@b10-mmr-16-05-6743]). Up- and downregulation of miR is involved in the regulation of EMT in OC progression ([@b11-mmr-16-05-6743],[@b12-mmr-16-05-6743]). miR-141 has been reported to be associated with a number of types of cancer, including colonic cancer ([@b13-mmr-16-05-6743]), gastric cancer ([@b14-mmr-16-05-6743]) and renal cell carcinoma ([@b15-mmr-16-05-6743]). Tamagawa *et al* ([@b16-mmr-16-05-6743]) reported that miR-141 serves a key role in the regulation of migration and EMT in head and neck squamous cell carcinoma. In addition, upregulation of miR-141 is confirmed to inhibit cell proliferation and invasion by suppressing the Wnt signaling pathway in renal cell carcinoma ([@b17-mmr-16-05-6743]). However, the effects of miR-141 on EMT and human OC migration and invasion remain to be demonstrated.

In the present study, miR-141 expression in SKOV3 cells was measured, in addition to the mRNA and protein levels of EMT markers: Vimentin; epithelial-cadherin (E-cadherin); integrin-β; β-catenin and zinc finger E-box-binding homeobox (ZEB), using the reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and western blotting, respectively. Then cell proliferation, invasion and migration assays were performed. The aims of the present study were to determine the effects of miR-141 on EMT, and on OC cell migration and invasion.

Materials and methods
=====================

### Cell culture

The human OC cell line SKOV3 was obtained from the Shanghai Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai China) was cultured in Dulbecco\'s modified Eagle\'s medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml streptomycin. The cell line was cultured at 37°C with 5% CO~2~. The experiment was conducted following the protocol approved by Tongji University (Shanghai China).

### Cell transfection

SKOV3 cells were seeded in 6-well plates at a density of 4×10^5^ cells/ml, 24 h prior to transfection. When the cells reached 60% confluence (\~24 h), the cells were divided into four groups and transfected with 50 nM miR-141 mimic (mimic group, 5′-UAACACUGUCUGGUAAAGAUGG-3′), miR-141 inhibitor (inhibitor group, 5′-CCATCTTTACCAGACAGTGTTA-3′) or miR-141 nonspecific sequences (NC group, 5′-UUCUCCGAACGUGUCACGUTT-3′), or left untransfected (blank group) using Lipofectamine^®^ 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The mimic, inhibitor and NC of miR-141 were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China).

### RNA extraction and RT-qPCR

Cells were harvested 48 h following transfection. RNA was extracted from the cells with TRIzol^®^ reagent and chloroform, according to the manufacturer\'s protocol (Guangzhou RiboBio Co., Ltd.). The RNA was used as the template for the synthesis of DNA using an RT-PCR kit (Guangzhou RiboBio Co., Ltd.).

Analysis of the miR-141 expression level in the transfected OC cell line SKOV3 was performed using the Bulge-Loop™ miR RT-qPCR kits (miRQ0000432-1-1; Guangzhou RiboBio Co., Ltd.), according to the manufacturer\'s protocol, and U6 (MQP-0201; Guangzhou RiboBio Co., Ltd.) was measured as endogenous control to perform relative quantification. qPCR was carried out at 95°C for 10 min, followed by 40 cycles at 95°C for 10 sec, 60°C for 30 sec and 72°C for 1 min.

In order to evaluate the effects of miR-141 on EMT, qPCR assays were performed using SYBR^®^ Green (Invitrogen; Thermo Fisher Scientific, Inc.) for the expression of vimentin (forward primer, 5′-AAGGAGGAAATGGCTCGTCAC-3′; reverse primer, 5′-CTCAGGTTCAGGGAGGAAAAGT-3′), E-cadherin (forward primer, 5′-GTCACTGACACCAACGATAATCCT-3′; reverse primer, 5′-TTTCAGTGTGGTGATTACGACGTTA-3′), integrin-β (forward primer, 5′-AATGTAACCAACCGTAGC-3′; reverse primer, 5′-GGTCAATGGGATAGTCTTC-3′), β-catenin (forward primer, 5′-GGGCGGCACCTTCCTACTTC-3′; reverse primer, 5′-AGCTCCCTCGCGGTTCAT-3′) and ZEB (forward primer, 5′-AAGTGGGCGGTAGATGGTA-3′; reverse primer, 5′-TTGTAGCGACTGGATTTT-3′). GAPDH was regarded as an internal control gene. The method of quantification was 2^−ΔΔCq^ ([@b18-mmr-16-05-6743]). The PCR primers ([Table I](#tI-mmr-16-05-6743){ref-type="table"}) were designed by Primer Premier version 5 (Premier Biosoft International, Palo Alto, CA, USA). The reaction was performed at 95°C for 10 min, followed by 40 cycles at 95°C for 10 sec, 60°C for 30 sec, and 72°C for 1 min. Amplified products were checked using an Applied Biosystems 7300 Sequence Detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.).

### Protein extraction and western blot analysis

The cellular proteins vimentin, β-catenin, integrin-β, E-cadherin and ZEB were extracted for western blotting as previously described ([@b19-mmr-16-05-6743]). BCA protein assay kit (Thermo Scientific, USA) was used to determine the protein concentration, 100 µg proteins were separated on 10% SDS-PAGE for every cell line, and the gel was subsequently transferred onto a nitrocellulose (NC) filter. Then, the NC filter was immersed in the blocking buffer (Sigma, USA) and agitated for 1--3 h at room temperature. Specific proteins were detected with monoclonal mouse anti-vimentin (MAB2105), mouse anti-β-catenin (MAB13291), mouse anti-integrin-β (MAB1778), mouse anti-E-cadherin (MAB1838) and mouse anti-ZEB antibody (MAB6708; all from R&D Systems, Inc., Minneapolis, MN, USA) for the primary antibodies (1:100 dilution), agitated for 1--3 h at room temperature or overnight at 4°C, and then were washed with TBST 3 times. The secondary antibodies used were goat anti-mouse antibodies (sc-2005; 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and anti-β actin (4967; 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA), shaking 1--3 h at room temperature. Then, they were washed with TBST 3 times. Protein bands on the membranes were visualized by chemiluminescence (ECL) reagent (WBKLS0500; Merck KGaA, Darmstadt, Germany) and imaged with ImageQuant LAS4000 mini analysis system (GE Healthcare Life Sciences, Little Chalfont, UK).

### MTT assay

SKOV3 cells were seeded into a 96-well plate at a density of 5×10^4^ cells/well and transfected as described above. At 48 h following transfection, 10 µl MTT solution (5 mg/ml, Sigma-Aldrich; Merck KGaA) was added to each well and incubated at 37°C for 4 h. Then, 100 µl solubilization solution \[50% dimethylsulfoxide and 20% SDS (pH 4.8)\] was added to each well followed by agitation for 10 min. The absorption values were measured at 570 nm.

### Invasion assay

Invasion assays were performed in triplicate using polycarbonate membranes (8-µm pore size) in 6-well tissue culture plates, which were coated with Matrigel^®^ (BD Biosciences, Franklin Lakes, NJ, USA) and were cultured for 48 h. SKOV3 cells (3×10^4^/chamber) of the different groups and DMEM containing 10% fetal calf serum (Hangzhou Sijiqing Biological Engineering Materials Co., Ltd., Zhejiang, China) was added to the upper and to the lower chambers, respectively. Following incubation for 24 h, cells on the top filter were scrapped off, rinsed into the lower chamber tissue culture, fixed in 4% paraformaldehyde for 15 min at room temperature, washed with PBS twice and stained with 0.1% crystal violet for 20 min at room temperature. A total of five random fields was calculated.

### Scratch migration assay

SKOV3 cells were transfected for 24 h then a scratch (repeated six times) in the cell monolayer was made with a cell scratch spatula. Cells were washed three times with PBS and cultured under standard conditions for 72 h. Following discarding of the supernatant, the cells were fixed in 4% paraformaldehyde for 30 min, and images were captured at 0, 24, 48, and 72 h, under an optical microscope. The potential of migration was calculated by counting the number of cells that migrated from the wound edge.

### Statistical analysis

Data were presented as the mean ± standard deviation. The statistical significance of differences between groups was determined using one-way analysis of variance followed by a Fisher\'s least significant difference post hoc test. Statistical analysis was performed with SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miR-141 overexpression in SKOV3 cells

Following the detection of miR-141 expression in SKOV3 cell by RT-qPCR, it was demonstrated that miR-141 levels in the mimic group (3.72±0.16) were increased compared with the blank (1.08±0.06) and NC groups (1.07±0.05; [Fig. 1](#f1-mmr-16-05-6743){ref-type="fig"}). In addition, the miR-141 level in the inhibitor group (0.59±0.02) was significantly decreased compared with the blank or NC groups.

### Expression of EMT markers in different groups

To investigate the effect of miR-141 on EMT, mRNA and protein levels of EMT markers were detected in the mimic, inhibitor, NC and blank groups. As exhibited in [Fig. 2A](#f2-mmr-16-05-6743){ref-type="fig"}, the mRNA expression levels of E-cadherin and integrin-β were increased in the mimic group and decreased in the inhibitor group compared with the NC or blank groups. Compared with the NC or blank groups, the mRNA level of ZEB was decreased in the mimic group and increased in the inhibitor group. In addition, the mRNA level of vimentin was increased in the mimic and inhibitor groups compared with the NC or blank groups. However, no significant differences were identified in the expression of β-catenin between mimic and blank or NC groups.

Following analysis of the protein expression of vimentin, β-catenin, integrin-β, E-cadherin and ZEB using western blotting, it was demonstrated that all were expressed in the SKOV3 transfected cells ([Fig. 2B](#f2-mmr-16-05-6743){ref-type="fig"}) and their relative protein expression exhibited a similar tend to the mRNA expression ([Fig. 2C](#f2-mmr-16-05-6743){ref-type="fig"}).

### MTT assay

Cell proliferation was assessed using the MTT assay and the value of optical density at 570 nm (OD570) in the four groups is exhibited in [Fig. 3](#f3-mmr-16-05-6743){ref-type="fig"}. The rate of cell proliferation was increased in the inhibitor group (1.10±0.13) and decreased in the mimic group (0.80±0.07) compared with the NC group (0.92±0.05; both P\<0.05).

### miR-141 inhibits the invasion and migration of SKOV3 cells in vitro

Following analysis of the effect of miR-141 on SKOV3 cell invasion, the invasive cells were visualized in the mimic, inhibitor, NC and blank groups ([Fig. 4A](#f4-mmr-16-05-6743){ref-type="fig"}). Compared with the NC group (137.67±4.04), the number of invaded cells was significantly increased in the inhibitor group (243.00±6.24) and decreased in the mimic group (76.33±2.08; both P\<0.01; [Fig. 4B](#f4-mmr-16-05-6743){ref-type="fig"}).

In addition, the effect of miR-141 on SKOV3 cell migration was observed at 0, 24 and 48 h, respectively ([Fig. 5A](#f5-mmr-16-05-6743){ref-type="fig"}). The migratory rate was decreased in the mimic group and increased in the inhibitor group at 24 and 48 h compared with the NC group (all P\<0.01; [Fig. 5B](#f5-mmr-16-05-6743){ref-type="fig"}).

Discussion
==========

In the present study, miR-141 expression was investigated in the OC cell line SKOV3 following transfection with an miR-141 mimic, inhibitor or NC, or no transfection. Overexpression of miR-141 caused upregulation of E-cadherin, inhibited cell proliferation and EMT in the SKOV3 cell line, and decreased cell invasion and migration.

Cancer progression has similarities with the developmental process of EMT ([@b20-mmr-16-05-6743]). EMT results in the morphological alteration of an epithelial cell to a mesenchymal cell, and enhances the ability of cancer cells to metastasize and invade ([@b21-mmr-16-05-6743]). The molecular characteristics of the alteration of epithelial cells to mesenchymal cells are the downregulation of epithelial cell markers, including E-cadherin, β-catenin, integrin-β, cytokeratin and mucin expression, as well as upregulation of mesenchymal markers, including vimentin and fibronectin, followed by alterations of epithelial mesenchymal transition-associated transcription factor expression ([@b22-mmr-16-05-6743]--[@b24-mmr-16-05-6743]). Among them, E-cadherin is an important molecule in the maintenance of the epithelial phenotype, and its decreased expression is an important marker of EMT. ZEB1 and ZEB2, two members of the ZEB family, are important regulators of EMTs, and can bind to the enhancer box motif E2 \[CACCT (G)\] on the E-cadherin promoter, inhibit transcription of E-cadherin, induce EMT, and enhance cell invasion and metastasis ([@b25-mmr-16-05-6743],[@b26-mmr-16-05-6743]). As a subunit of integrin-β, integrin-β5 adhesion serves an important role in transforming growth factor-β-induced EMT ([@b27-mmr-16-05-6743]). Vimentin is used as a marker of EMT. A previous study reported that vimentin is essential for alterations in cell shape, adhesion and motility during EMT ([@b28-mmr-16-05-6743]).

In the present study, E-cadherin and integrin-β mRNA expression was increased in the mimic group and decreased in the inhibitor group compared with the NC group. In addition, ZEB was decreased in the mimic group and increased in the inhibitor group, and vimentin was increased in the mimic and inhibitor group compared with the NC or blank groups. A previous study demonstrated that the miR-200 family (miR-200a, miR-200b, miR-200c, miR-141 and miR-29) is involved in the regulation of the EMT process, and negatively correlated with the expression of ZEB1 and ZEB2 ([@b29-mmr-16-05-6743]). Neves *et al* ([@b30-mmr-16-05-6743]) suggested that the EMT process was accompanied by DNA hypermethylation and transcriptional silencing of the miR-200c/141 promoter. Wellner *et al* ([@b31-mmr-16-05-6743]) indicated that miR-200 family members, including miR-141, induce epithelial differentiation, thereby suppressing EMT by inhibiting translation of mRNA for the EMT-activators ZEB1 and ZEB2. In addition, the expression of endogenous miR-200 in normal and lung cancer cells directly acts on ZEB1 and Mothers against decapentaplegic homolog 3 interacting protein 1 mRNA, promotes E-cadherin expression and inhibition of EMT in cancer cells, and reduces the incidence of invasion in breast cancer cells ([@b32-mmr-16-05-6743]). In addition, increased miR-141 levels increased expression of E-cadherin and reduced EMT, which agreed with a previous study reported by Tamagawa *et al* ([@b16-mmr-16-05-6743]) that suggested that overexpression of miR-141 reduced the cell capacity of migration in head and neck squamous cell carcinoma through regulation of EMT. Therefore, these results suggested that miR-141 may inhibit EMT in the SKOV3 OC cell line.

As a member of miR-200 family, miR-141 overexpression has been reported to inhibit invasion and migration in a number of types of cancer, including colorectal cancer, breast cancer and pancreatic cancer ([@b30-mmr-16-05-6743],[@b33-mmr-16-05-6743],[@b34-mmr-16-05-6743]). When miR-141 was downregulated, cancer cell migration was induced via targeting E-cadherin transcriptional repressor genes ([@b35-mmr-16-05-6743]), which improved tumor motility and increased carcinogenicity. Consistent with previous studies, in the present study, it was demonstrated that the number of invasive cells was increased in the inhibitor group and decreased in the mimic group compared with the NC group. In addition, the migratory rate was decreased in the mimic group and increased in the inhibitor group, at 24 and 48 h compared with the NC group. These data suggest that miR-141 can inhibit invasion and migration in SKOV3 cells *in vitro*.

In the present study, overexpression of miR-141 in the OC cell line SKOV3 significantly inhibited cell proliferation. As a member of miR-200, miR-141 has been demonstrated to be decreased and served as a tumor suppressor in numerous cancer types ([@b36-mmr-16-05-6743]). miR-141 has been reported to be downregulated in childhood renal neoplasms ([@b37-mmr-16-05-6743]). Poell *et al* ([@b38-mmr-16-05-6743]) demonstrated that miR-141 could inhibit the proliferation of melanoma cells. In addition, miR-141 was decreased in gastric cancer and involved in gastric cancer cell growth ([@b14-mmr-16-05-6743]). Van Jaarsveld *et al* ([@b39-mmr-16-05-6743]) identified that miR-141 could promote cisplatin sensitivity in OC cells by targeting kelch-like ECH-associated protein 1. In the present study, the MTT assay results demonstrated that the inhibitor group exhibited an increased OD570 value compared with the blank or NC groups, suggesting that overexpression of miR-141 could decrease proliferation of SKOV3 cells.

Certain limitations remain in the present study. For example, the effects of miR-141 on OC are long and complex, and cell cycle progression and apoptosis were not included in the present study. Therefore, additional studies are required to confirm the results of the present study and the long-term impact of miR-141 on OC development should be further investigated.

In conclusion, the present study revealed that overexpression of miR-141 caused upregulation of E-cadherin, inhibited cell proliferation and EMT in the SKOV3 cell line, and decreased cell invasion and migration. The results of the present study provide novel insight into the functional mechanism of OC progression and suggest that miR-141 represents a novel molecular target for OC therapy.
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![Analysis of epithelial mesenchymal transition-marker expression in SKOV3 cells. (A) mRNA and (B) protein expression of vimentin, E-cadherin, integrin-β, β-catenin and ZEB in transfected-SKOV3 cells. (C) The relative protein level was normalized using β-actin. SKOV3 cells were transfected with 50 nM microRNA-141 mimic group, inhibitor group or NC, or left untransfected. \*P\<0.05, \*\*P\<0.01 vs. NC group, ^\#^P\<0.05, ^\#\#^P\<0.01 vs. blank group. E-cadherin, epithelial-cadherin; ZEB, zinc finger E-box-binding homeobox; NC, nonspecific sequences.](mmr-16-05-6743-g01){#f2-mmr-16-05-6743}

![Value of optical density at 570 nm in four groups determined using an MTT assay 24 h following transfection. SKOV3 cells were transfected with 50 nM microRNA-141 mimic, inhibitor or, NC, or left untransfected. \*P\<0.05, \*\*P\<0.01 vs. NC group. NC, nonspecific sequences; blank, without transfection.](mmr-16-05-6743-g02){#f3-mmr-16-05-6743}

![miR-141 regulates cell invasion in SKOV3 cells. (A) SKOV3 cells that invaded through Matrigel-coated invasion chambers following transfection with 50 nM miR-141 mimic, inhibitor or NC, or left untransfected (magnification, ×200). (B) The number of invasive cells. \*\*P\<0.01 vs. NC group. miR, microRNA; NC, nonspecific sequences.](mmr-16-05-6743-g03){#f4-mmr-16-05-6743}

![miR-141 regulates cell migration in SKOV3 cells at 0, 24 and 48 h. (A) SKOV3 cells that migrated from the wound edge following transfection with 50 nM miR-141 mimic, inhibitor or NC, or left untransfected (magnification, ×200). (B) The migratory rate of SKOV3 cells. \*\*P\<0.01 vs. NC group. NC, nonspecific sequences; miR, microRNA.](mmr-16-05-6743-g04){#f5-mmr-16-05-6743}

###### 

Polymerase chain reaction primer sequences.

               Primer sequence (5′-3′)                                
  ------------ -------------------------- --------------------------- ----
  Vimentin     AAGGAGGAAATGGCTCGTCAC      CTCAGGTTCAGGGAGGAAAAGT      60
  E-cadherin   GTCACTGACACCAACGATAATCCT   TTTCAGTGTGGTGATTACGACGTTA   60
  Integrin-β   AATGTAACCAACCGTAGC         GGTCAATGGGATAGTCTTC         52
  β-catenin    GGGCGGCACCTTCCTACTTC       AGCTCCCTCGCGGTTCAT          61
  ZEB          AAGTGGGCGGTAGATGGTA        TTGTAGCGACTGGATTTT          60

E-cadherin, epithelial-cadherin; ZEB, zinc finger E-box-binding homeobox; Tm, melting temperature.
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